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ABSTRACT

Values for the refractive index structure coefficient, C n2, were deter-
mined from spaced temperature probe measurements and from measuremints
of the log-amplitude variations in a laser beam. The values of Cn ob-
tained from the optical measurements were smaller thin the values obtained
from the telapetoture measurements. Variations in Cn derived by tne two
methods were in good agreement even though the values obtained optically
are over a 440-meter path while the temperature-derived values are
essentially point measurements. The varlat~ons in the measured horizontal
winds along the leeward side of the optical path showed a structure
closely related to the optically derived Cn2 variations.
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INTRODUCTION

Inhomogeneities in the clear atmosphere affect the propagation of optical
beais. Irn partic-.lar, atmospheric turbulence willt induce amplitude and
phase, va, lations in optica! signals. Thus, the optical signals contain
!'n rmati--r on the turbulenre characteristics. The atmospheric-induced
,igr.vl w i'-. ns also result in limitations in the use of laser signals
for ip-r,, ,ns or rmote sensing. The validity of theoretical pre-
diction-. .,,- issumptions c,.icerning the interaction between atmospher.c
turbule .- ind the optical signal can be investigated by making simul-,
taneous measurements of laser propagation characteristics and direct
measurements of atmospheric tutL ulence.

The refractive index field measured by the variance of the optical beam
amplitude is an integral measurement providing a result which is a
weighted average over all turbulent scales within the propagation path.
The direct meteorological measurements are generally point, measurements
that involve determination of temperature variations or temperature dif-
ference variations at one or more points along the path [I]. (ne point
of interest is how the general meteorological conditions affect the tur-
bulence values obtained from the two different measurements. The char-
acteristics of the wind field near the surface will determine, because
of the mixing, the intensity of the temperature variations along the
optical pai,, and this will influence the refractivity field. Also, as
the surface wind characteristics depend on the surface roughness, it is
believed that both wind and surface effects will be factors in dctermin-
ing the characteristics of the temperature fluctuations or turbulence.
Observations for this study were taken over a rough desert surface.

THEORY

The random characteristics of the atmosp..ere can be described in terms
of structure functions [2]. A temperature structure function can be
determined from a measurement of temperature difference between 'wo
points separated by a distance r with to << r << Lo where eo and 1.0
define the inner and outer scales of the inertial subrange, respectively.
The structure function takes the form

C2 r 2 / 3  2= t = (2 TI1 ( )i

' Here Dt is the structure furction, Cý is the structure coefficienT which
relates the observed temperature difference, T2 - TI, between the two
points to their separation, r. Accordii:g to the Kolmogorov theory, Cý

4 does not depend on r within the inertial subrange. In the same way, a
reiractivity s-'ructure function, Dn, can be written as



D :C2 2/3

. S n ent nf r or(2)

Since the refractivity field for optical wavelengths is primarily de-
pendent on the temperature fluctuations, Cn2 can be related to Ct2b

[3]

= I776 12 + ) 12 2S T- .0 75 x 10 Ct (3)

LT L

where p is the'pressure in millibars, T is the temperature in degrees
Kelvin and X is the signal wavelength in micrometers.II
The amplitude variations of an optical signal can be expressed as the
Ikg-amplitude variance, CG(O). Fried [4] has shown that for a spherical
optical wave subject to atmospheric turbulence, Ct(G) can be expressed
by

C = . 124 Z 11/6C2 (4)

where. L is fhe propagation path length in meters, and X is the signal
wavelength in meters.

Thus, for a given wavelength, the refractive index structure coefficient,
Cn2 , can be determined through Equations (I) and (3) from the appropriate
meteorrlogical measurements, or optically through Equation (4) from a
measuremenf of the log-amplitude variance observed in a laser beam.

EXPERIMENT

The basic experimental configuration employed is shown in Figure I. A
Spectra Physics model 132 helium-neon laser provided a I mw, s!ngle
mode, .6328 micrometer, optical signal with a beam divergence of I milli-
radian. This provided sufficient beam diameter at the detector to mini-
mize gny effects due to beam wander. The signal detector consisted of
a 10 A interference filter followed by a I mm aperture in front of a
photomultiplier tube, RCA type 6199. A horizontal path 440 meters in
length, about 3 mefers above the base of a roughened desert surface at
White Sands Missile Range, New Mexico, served as the propagation path.
Surface roughness was the result of wind erosion and consisted of hill-
ocks about I to 2 meters high and about 10 meters in diameter. A de-
*ailed descripTion of the site is given by Hansen [5] where he computed
a roughness length, Zo, of 20 cm.
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Figure I. Block diagram showing the basic experimental configuration.
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The propagation path was to the windward of and parallel to a line of
five poles which are part of a meteorological instrumentation array
described by Armendariz, et a:. [6]. Temperature and vector wind mea-
surements were available at virious levels to 32 meters. Measurements
of T2 - TI = AT near the center of the optical path, 3 meters above
the surface, were obiained from two fine wire (.001 in.) copper-constantan
thermocouples separated vertically by 20 cm.

The output of the photomultiplier, which is proportional to the incident
irradiance, was fed to an electronic processor whizh computed the loo-
amplitude variance of the optical signal. The output of the processor
is

C (0) =<(In A - <J n Ai) 2 2 (5)

where A is the amplitude of the detected beam. After CZ(O) was obtained,
Equation (4) was used to compute the refractive index structure coefficient
Cn . The time constant associated with the averaging of the In A and
of the squared difference between the logarithms wb, 25 seconds. This
instrument was calibrated by applying a biased square wave as a substitute
for the photomultiplier signal and comparing the output of its processor
to the calculated log-amplitude variance of the square wave.

The input to the electronic processor associated with the tomperature
differential measurement was proportional to the differential potential
between two series-connected thermocouples. This difference was squared
and averaged, again using a time constant of 25 seconds. This, the
output of the electronic processor for temperature measurements is pro-
portional to<(AT)ý>. Calibration was accomplished by providing fixed
voltage inputs which correspond to the thermocouple outputs over the
ranges of AT expected.

Observations were made continuously from 1000 MDT July 28, to 1400 MDT
July 29, !971 over the path previously described, with the mean wind
direction nearly perpendicular to the laser path. Analog recordings
were obtained showing the data from the Ct(O) and _AT2 processors along
with data from an Eppley Model 50 pyranometer that measured the solar
intensity. These data were also fed to a digital processor, which pro-
vided 15-minute averages and time information. The wind and temperature
sensors on the meteoro!ogical array were sampled at 4 sec-, and these
data were also averaged over 15-minute intervals.

DISCUSSION

Figure 2 shows a typical 60-minute interval representing Ct(O), AT2 ,
and solar intensity for a seven-hour period of analog data taken on

4
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Figure 2. Analog recording of the log-amplitude variance (Ct(0)),
differential temperature (<(AT) 2-), and solar intensity
(S.I.). (Ce(O) bottom,-..-zAT) 2>middle, S.l. top) July
28, 1971, White Sands Missile Range, New Mexico.
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July 28, 1971. Each point of Figure 3 is a 15-minute average of the
above data. As expected, the analog record shows that the refractivity
coefficient as obtainable from CZ(O) does not display the fine structure
evident in the refractiv;ty obtainable fromcAT.•-*, but the low-frequoncy
characteristics of the two curves are nearly identical. This latter
point Is demonstrated by the similarity exhibited by the avwraged values
of Ce(0) and ,AT2.

The refractive Index structure coefficients, C2, were calculated from
the Cy(O) and_.AT2. data by using Equation (4) and Equations (I) and (3),
respectively, including the calibrations for the electronic processors.
In general, the extent of the variations in Cn 2 as determined from Ct(O)
was smaller than those for Cn obtained from the temperature measurements.
This has been 2bserved by Kerr [7]. To obtain the same range of varia-
tion In the CnL measured by the two methods, the CQ(0)-derived values
of Cn2 were multiplied by 1.7. The resultant values for the 15-minute
averages are compared In Figure 4. There is a reasonably good agreement
In the general shapes of the curves.

Figures 5 and 6 compare the turbulence measurements with the average
winds measured near the path. Figure 5 compares the variations in the
15-minute averages of Ct(0) and in the averaged magnitude of the hori-
zontal wind measured near the center of the optical path. Figure 6
shows the variations of averaged CQ(0) compared to the average magnitude
of the horizontal wind along the entire path. Between 1000 and 1400
hours, the magnitude variations for the path-averaged and the midpath
winds were almost identical. After 1400 hours, the log-amplitude vari-
ance changes were more like the path-averaged wind variations. Under
the wind conditions which prevailed, the variation In CO(O) is Inversely
related to the variations of average vind speed aiong the path, and
there is almost a one-to-one correspondence over a two-hour period about
noon. Although the- AT2 >and Ct(0) variations were similar, as shown
in Figure 3, the variations in Ct(O) follow more closely the variations
in the average wind speed along the path. Thus, under light wind condi-
tions, the log-amplitude variance changes appear related to the average
wind speed changes along the path.

The Inverse relationship between Ct(O) and average wind speed can be
explained by the character of the mixing. For low wind speeds, bubbles
of warm air are moved up Intact thus causing large temperature differ-
ences [8]. With Increased wind, the bubbles are broken up and the temp-
erature differences become smaller. Since the winds near the surface
are affected by the terrain, It is likely that the correlation between
Ce(O) and wind will depend on the surface characteristics.

6

A



03 V

IL

I-

1000 1200 14.00 1600 1800,
,TIME (MDT)

Figure 3. Fifteen-minute averages of -the log-amplitude variance (C (.0)),
differential temperature (<(AT)2>), and solar intensity .I. "
C(t.(O) solid line, <(AT)2" dashed line, S.I.. x).

7 I '

.'. . " ".. . • • • # '• ... •- °• " ' • •' " '•. . . - ."i'. . .d • . .• •d • , . ..4'



II

4 j "V•

A!

E 3

1000 1200 1400 W0 1800

I TIME (MDT)

I. I

Figure -, Compari son of ref.'acti vity structure 'coeff icient .(C2)
derived from optical (solid l i,neY, ardd temperature (gashed

Sline) measurements. (0ptli~al values have been multiplied
by 1.7.)

I



5 0

w

C-)

0 5

iiil

II

J025

-J

I I

1000 1200 1400 1600 1800
TIME (MDT)

Figure 5. Comparison of the log-amplitude variance (solid line) to
the wind (dashed line) measured near the center of the
optical path (15-minute averages).

9



./

5- 50

Ui -100

AjI AA
I! H Ii 150~

a v

1-250

§ ,00

000 1200 1400 1600 1800
TIME (MDT)

Figure 6. Comparison of the log-amplitude variance (solid line) to
the averaged wh.d magnitude obtained from five positions
along the optical path (dashed line). (15-minute averages)

10



LITERATURE CITED

I. Lawrence, R. S., G. R. Ochs, and S. F. Clifford, 1970, "Measurements
of Atmospheric Turbulence Relevant to Optical Propagation," J. Opt.
Soc. Am., 60, 826.

2. Tatarski, V. I., 1961, Wave Propagation In a Turbulent Medium, New
York, Dover Pub., 285 pp.

3. Ochs, G. R., R. R. Bergman, and J. R. Snyder, 1969, "Laser-Beam
Scintillation over Horizontal Paths from 5.5 to 145 Kilometers,"
J. Opt. Soc. Am., 59, 231-234.

4. Fried, D. L., 1967, "Propagation of a Spherical Wave in a Turbulent
Medium," J. Opt. Soc. Am., 57, 175.

5. Hansen, F. V., 1967, "The Aerodynamic Roughness of the Complex Ter-
rain of White Sands Missile Range, New Mexico," Tech, Report ECOM-5093,
Atmospheric Sciences Laboratory, U. S. Army Electronics Command,
White Sands Missile Range, New Mexico, (AD 644 821).

6. Armendariz, M. T., L. J. Rider, G. S. Campbell, D. L. Favier, and
J. Serna, 1971, "Turbulence Measurements from a T-Array of Meteoro-
logical Sensors," Tech. Report ECOM-5362, Atmospheric Sciences Lab-
oratory, U. S. Army Electronics Command, White Sands Missile Range,
New Mexico, (AD 726 390).

7. Kerr, J. R., 1971, "Multlwavelength Propagation Experiments," J._Opt.
Soc. Am., 61, 674.

8. Priestley, C. H. B., 1959, Turbulent Transfer in the Lower Atmosphere,
University of Chicago Press, 130 pp.

II

S. .. . , , • : , , : . . . .• . ... .. .. . . . r. . • . ..• .. ..,. • ,• ,• • . . . . .. . : . . . • . • . ... •. . . - ... . - • . . ... A-A



ATMOSPHERIC SCIENCES RESEARCH PAPERS

1. Miers, B. T., and J. E. Morris, Mesospheric Winds Over Ascension Island in Jan-
uary, July 1970, ECOM-5312, AD 711851.

2. Webb, W. L., Electrical Structure of the D- and E-Region, July 1970, ECOM-5313,
AD 714365.

3. Campbell, G. S., F. V. Hansen and R. A. Dise, Turbulence Data Derived from Meas-
urements on the 32-Meter Tower Facility, White Sands Missile Range,
New Mexico, July 1970, ECOM-5314, AD 711852.

4. Pries, T. H., Strong Surface Wind Gusts at Holloman AFB (March-May), July 1970,
ECOM-5315, AD 711853.

5. D'Arcy, E. M., and B. F. Engebos, Wind Effects on Unguided Rockets Fired Near
Maximum Range, July 1970, ECOM-5317, AD 711854.

6. Matonis, K., Evaluation of Tower Antenna Pedestal for Weather Radar Set AN/TPS-
41, July 1970, ECOM-3317, AD 711520.

7. Monahan, H. H., and M. Armendariz, Gust Factor Variations with Height and At-
mospheric Stability, August 1970, ECOM-5320, AD 711855.

8. Stenmark, E. B., and L D. Drury, Micrometeorological Field Data from Davis, Cali-
fornia; 1966-67 Runs Undez Non-Advection Conditions, August 1970,
ECOM-6051, AD 726390.

9. Stenmark, E. B., and L. D Drury Micrometeorological Field Data from Davis, Cali-
fornia; 1966-67 Runs Under Advection Conditions, August 1970, ECOM-
6052, AD 724612.

10. Stenmark, E. B., and L. D. Drury, Micrometeorological Field Data from Davis, Cali-
fornia; 1967 Cooperative Field Experiment Runs, August 1970, ECOM-
6053, AD 724613.

11. Rider, L.J., and M. Armendariz, Nocturnal Maximum Winds in the Planetary Boun-
dary Layer at WSMR, August 1970, ECOM-5321, AD 712325.

12. Hansen, F. V., A Technique for Determining Vertical Gradients of Wind and Temp-
erature for the Surface Boundary Layer, August 1970, ECOM-6324, AD
714366.

13. Hansen, F. V., An Examination of the Exponential Power Law in the Surface Boun-
dary Layer, September 1970, ECOM-5326, AD 715349.

14. Miller, W. B. A. J. Blanco and L. E. Traylor, Impact Deflection Estimators from
Single Wind Measurements, September 1970, ECOM-5328, AD 716993.

15. Duncan, L. D., and R. K. Walters, Editing Radiosonde Angular Data, September
1970, ECOM-5330, AD 715351.

16. Duncan, L D., and W. J. Vechione, Vacuum Tube Launchers and Boosters, Septem-
ber 1970, ECOM-5331, AD 715350.

17. Stenmark, E. B., A Computer Method for Retrieving Information on Articles, Re-
ports and Presentations, September 1970, ECOM-6050, AD 724611.

18. Hudiow, M., Weather Radar Investigation on the BOMEX, September 1970, ECOM-
3329, AD 714191.

19. Combs, A., Analysis of Low-Level Winds Over Vietnam, September 1970, ECOM-
3346, AD 876935.

20. Rinehart, G. S., Humidity Generating Apparatus and Microscope C' amber for Use
with Flowing Gas Atmospheres, October 1970, ECOM-5332, AD 7169S4.

21. Miers, B. T., R. 0. Olsen, and E. P. Avara, Short Time Period Atmospheric Density
Variations and a Determination of Density Errors from Selected Rocket-
sonde Sensors, October 1970, ECOM-5335.

22. Rinehart, G. S., Sulfates and Other Water Solubles Larger than 0.15j Radius in a
Continental Nonurban Atmosphere, October 1970, ECOM-5336, AD
716999.

23. Lindberg, J. D., The Uncertainty Principle: A Limitation on Meteor Trail Radar
Wind Measurements, October 1970, ECOM-5337, AD 716996.

24. Randhawa, J. S., Technical Data Package for Rocket-Borne Ozone-Temperature
Sensor, October 1970, ECOM-5338, AD 716997.



25. Devine, J. C., The Fort Huachuca Climate Calendar, October 1970, ECOM-6054.
26. Allen, J. T., Meteorological Support to US Army RDT&E Activities, Fiscal Year 1970

Annual Report, November 1970, ECOM-6055.
27. Shinn, J. H., An Introduction to the Hyperbolic Diffusion Equation, November 1970,

ECOM-5341, AD 718616.
28. Avara, E. P., and M. Kays., Some Aspects of the Harmonic Analysis of Irregularly

Spaced Data, November 1970, ECOM-5344, AD 720198.
29. Fabrici, J., Inv. of Isotopic Emitter for Nuclear Barometer, November 1970, ECOM-

3349, AD 876461.
30. Levine, J. R., Summer Mesoscale Wind Study in the Republic of Vietnam, Decem-

ber 1970, ECOM-3375, AD 721585.
31. Petriw, A., Directional Ion Anemometer, December 1970, ECOM-3379, AD 720573.
32. Randhawa, J. S., B. H. Williams, and M. D. Kays, Meteorological Influence of a

Solar Eclipse on the Stratosphere, December 1970, ECOM-5345, AD
720199.

33. Nordquist, Walter S., Jr., and N. L. Johnson, One-Dimensional Quasi-Time-Depend-
ent Numerical Model of Cumulus Cloud Activity, December 1970,
ECOM-5350, AD 722216.

34. Avara, E. P., The Analysis of Variance of Time Series Data Part I: One-Way Lay-
out, January 1971, ECOM-5352, AD 721594.

35. Avara, E. P., The Analysis of Variance of Time Series Data Part II: Two-Way
Layout, January 1971, ECOM-5353.

36. Avara, E. P., and M. Kays., The Effect of Interpolation of Data Upon the Harmonic
Coefficients, January 1971, ECOM-5354, AD 721593.

37. Randhawa, J. S., Stratopause Diurnal Ozone Variation, January 1971, ECOM-5355,
AD 721309.

38. Low, R. D. H., A Comprehensive Report on Nineteen Condensation Nuclei (Part II),
January 1971, ECOM-5358.

39. Armendariz, M., L. J. Rider, G. Campbell, D. Favier and J. Serna, Turbulence Meas-
urements from a T-Array of Sensors, February 1971, ECOM-5362, AD
726390.

40. Maynard, H., A Radix-2 Fourier Transform Program, February 1971, ECOM-5363,
AD 726389.

41. Devine, J. C., Snowfalls at Fort Huachuca, Arizona, February 1971, ECOM-6056.
42. Devine, J. C., The Fort Huachuca, Arizona 15 Year Base Climate Calendar (1956-

1970), February 1971, ECOM-6057.
43. Levine, J. R., Reduced Ceilings and Visibilities in Korea and Southeast Asia, March

1971, ECOM-3403, AD 722735.
44. Gerber, H., et al. Some Size Distribution Measuremints of AgI Nuclei with an Aer-

osol Spectrometer, March 1971, ECOM-3414, AD 729331.
45. Engebos, B. F., and L J. Rider, Vertical Wind Effects on the 2.75-inch Rocket,

March 1971, ECOM-5365, AD 726321.
46. Rinehart, G. S., Evidence for Sulfate as a Major Condensation Nucleus Constituent

in Nonurban Fog, March 1971, ECOM-5366.
47. Kennedy, B. W., E. P. Avara, and B. T. Miers, Data Reduction Program for Rock-

etsonde Temperatures, March 1971, ECOM-5367.
48. Hatch, W. H., A Study of Cloud Dynamics Utilizing Stereoscopic Photogrammetry,

March 1971, ECOM-5368.
49. Williamson, L E., Project Gun Probe Captive Impact Test Range, March 1971,

ECOM-5369.
50. Henley, D. C., and G. B. Hoidale, Attenuation and Dispersion of A coustic Energy

by Atmospheric Dust, March 1971, ECOM-5370, AD 728i3.
51. Cionco, R. M., Application of the Ideal Canopy Flow Concept to Natural and Ar-

tificial Roughness Elements, April 1971, ECOM-5372, AD 730638.
52. Randhawa, J. S., The Vertical Distribution of Ozone Near the Equator, April 1971,

ECOM-5373.
53. Ethridge, G. A., A Method for Evaluating Model Parameters by Numerical Inver-

sion, April 1971, ECOM-5374.



54. Conlett, E., Stokes Parameters for Quantum Systemnm April 1971, ECOM-3415, AD
729347.

55. Shinn, J.H., Steady-State Two-Dimensional Air Flow in Forests and the Disturb-
ance of Surface Layer Flow by a Forest Wall, May 1971, ECOM-5383,
AD 730681.

56. Miller, W. B., On Approximation of Mean and Variance-Covariance Matrices of Trans.
formations of Joint Random Variables, May 1971, ECOM-5384, AD
730302.

57. Duncan, L. D., A Statistical Model for Estimation of Variability Variances from
Noisy Data, May 1971, ECOM-5385.

58. Pries, T. H., and G. S. Camvnhll, Spectral Analyses of High-Frequency Atmospheric
Temperature Fluc~'iations, May 1971, ECOM-5387.

59. Miller, W. B., A. J. Blanco, and L. E. Traylor, A Least-Squares Weighted-Layer Tech.
nique for Prediction of Upper Wind Effects on Unguided Rockets, June
1971, ECOM-5388, AD 729792.

60. Rubio, R., J. Smith and D. Maxwell, A Capacitance Electron Density Probe, June
1971, ECOM-5390.

61. Duncan, L. D., Redundant Measurements in Atmospheric Variability Experiments,
June 1971, ECOM-5391.

62. Engebos, B. F., Comparisons of Coordinate Systems and Transformations for Tra-
jectory Simulations, July 1971, ECOM-5397.

63. Hudlow, M. D., Weather Radar Investigations on an Artillery Test Conducted in the
Panama Canal Zone, July 1971, ECOM-5411.

64. White, K. 0., E. H. Holt, S. A. Schleusener, and R. F. Calfee, Erbium Laser Propa-
gation in Simulated Atmospheres II. High Resolution Measurement

ethod, August 1971, ECOM-5398.
65. Waite, R., Field Comparison Between Sling Psychrometer and Meteorological Meas-

uring Set AN/TMQ-22, August 1971, ECOM-5399.
66. Duncan, L. D., Time Series Editing By Generalized Differences, August 1971, ECOM-

5400.
67. Reynolds, R. D., Ozone: A Synopsis of its Measurements and Use as an Aemospher-

ic Tracer, AuguRt 1971, ECOM-5401.
68. Avara, E. P., and B. T. Mit.a, Noise Characteristics of Selected Wind and Tempera-

ture Data from 30-65 kin, August 1971, ECOM-5402.
69. Avara, E. P., and B. T. Miers, Comparison of Linear Trends in Time Series Data

Using Regression Analysis, August 1971, ECOM-5403.
70. Miller, W. B., Contributions of Mathematical Structure to the Error Behavior of

Rawinsonde Measurements, August 1971, ECOM-5404.
71. Collett, E., Mueller Stokes Matrix Formulation of Fresnel's Equations, August 1971,

ECOM-3480.
72. Annendariz, M., and L. J. Rider, Time and Space Correlation and Coherence in the

Surface Boundary Layer, September 1971, ECOM-5407.
73. Avara, E. P., Some Effects of Randomization in Hypothesis Testing with Correlated

Data, October 1971, ECOM-5408.
74. Randhawa, J. S., Ozone and Temperature Change in the Winter Stratosphere, No-

vember 1971, ECOM-5414.
75. Miller, W. B., On Approximation of Mean and Variance-Covariance Matrices of

Transformations of Multivariate Random Variables, November 1971,
ECOM-5413.

7C. Horn, J. r. C. S. Campbell, A. L. Wallis (Capt., USAF), and R. G. McIntyre,
'Y.xd Tunnel Simulation and Prototype Studies of Barrier Flow Phe-
nomena, December 1971, ECOM-5416.

77. Dickson, David H., and James R. Oden, Fog Dissipation Techniques for Emergency
Use, January 1972, ECOM-5420.

78. Ballard, H. N., N. J. Beyers, B. T. Miers, M. Izquierdo, and J. Whitacre, Atmospheric
Tidal Measurements at 50 km from a Constant-Altitude Balloon, De-
cember 1971, ECOM-5417.

79. Miller, Walter B., On Calculation of Dynamic Error Parameters for the Rawinsonde
and Related Systems, January 1972, ECOM-5422.



i 80. Richter, Thomas J., Rawin Radar Targets, February 1972, ECOM.5424..

S81. Pena, Ricardo, L. J. Rider, and Manuel Armenda~z, Turbulence Characteristics atWHeights of 1.5, 4.0, and 16.0 Meters at White Sands Missile Range, New
!•" Mexico, January 1972, ECOM-5421.

S82. Blanco, Abel J., and L. E. ý. ylor, Statistical Prediction of Impact Displacement dtu,S~to the Wind Effect on an Unguided Artillery Rocket During Powered
Flight, March 1972, ECOM-95427.M" 83. Williams, B. H., R. 0. Ols-n, and M. D. Kays, Stratospheric-Ionospheric Interaction-
During the Movement of a Planetary Wave in January 1967, March
1972, ECOM-5428.

84. Schleusener, Stuart A., and Kenneth 0. White, Applications of Dual Parameter An-
alyzers in Solid-State Laser Tests, April 1972, ECOM-5432.

85. Pries, Thomas H., Jack Smith, and Marvin Hamiter, Some Observations of Meteor-
ological Effects on Optical Wave Propagation, April 1972, ECOM-5434.

I 'I

' i4


